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A display driver comprises drive circuitry and emission 
control circuitry . The display driver is configured to drive a 
display panel . The display panel may be a self - luminous 
display panel . The emission control circuitry is configured to 
generate a control signal to control the display panel during 
a first frame period to successively move a plurality of 
non - light - emitting areas successively inserted at an end of a 
display area of the display panel in a predetermined direc 
tion , the plurality of non - light - emitting areas having gradu 
ally changing widths in the predetermined direction . ( 58 ) 
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DEVICE AND METHOD FOR above , may be had by reference to embodiments , some of 
CONTROLLING A SELF - LUMINOUS which are illustrated in the appended drawings . It is to be 

DISPLAY PANEL noted , however , that the appended drawings illustrate only 
exemplary embodiments , and are therefore not to be con 

CROSS REFERENCE 5 sidered limiting of inventive scope , as the disclosure may 
admit to other equally effective embodiments . 

This application claims priority to Japanese Patent Appli- FIG . 1 illustrates an example configuration of a display 
cation No. 2019-041319 , filed on Mar. 7 , 2019 , the disclo- device , according to one or more embodiments . 
sure of which is incorporated herein by reference in its FIG . 2 illustrates an example configuration of a display 
entirety . element , according to one or more embodiments . 

FIG . 3 illustrates an example configuration of a display 
BACKGROUND device , according to one or more embodiments . 

FIG . 4 illustrates an example method for controlling a 
Field self - luminous display panel , according to one or more 

embodiments . 
Embodiments disclosed herein generally relate to a device FIG . 5A illustrates an example operation of a display and method for controlling a self - luminous display panel . device , according to one or more embodiments . 

FIG . 5B illustrates an example operation of a display Description of the Related Art 
20 device , according to one or more embodiments . 

A display brightness level of a self - luminous display FIG . 6 illustrates an example operation of a display 
panel , such as an organic light emitting diode ( OLED ) device , according to one or more embodiments . 
display panel and a micro LED display panel , may be FIG . 7 illustrates an example configuration of emission 
controlled by widths of non - light - emitting areas disposed on pulse width control circuitry , according to one or more 
the self - luminous display panel . The widths of the non - light- 25 embodiments . 
emitting areas may be controlled by emission pulse widths . FIG . 8 illustrates an example operation of emission pulse 
In such cases , the emission pulse widths may be controlled width control circuitry , according to one or more embodi 
to achieve a desired display brightness level . ments . 

To facilitate understanding , identical reference numerals 
SUMMARY 30 have been used , where possible , to designate identical 

elements that are common to the figures . It is contemplated 
In one or more embodiments , a display driver is provided . that elements disclosed in one embodiment may be benefi 

The display driver comprises drive circuitry and emission cially utilized on other embodiments without specific reci 
control circuitry . The display driver is configured to drive a tation . The drawings referred to here should not be under 
display panel . The emission control circuitry is configured to 35 stood as being drawn to scale unless specifically noted . Also , 
generate a control signal that controls the display panel the drawings are often simplified and details or components 
during a first frame period to successively move a plurality omitted for clarity of presentation and explanation . The 
of non - light - emitting areas that are successively inserted at drawings and discussion serve to explain principles dis 
an end of a display area of the display panel in a predeter- cussed below , where like designations denote like elements . 
mined direction , where the plurality of non - light - emitting 40 
areas have gradually changing widths in the predetermined DETAILED DESCRIPTION 

direction . 
In one or more embodiments , a display device is pro- The following detailed description is merely exemplary in 

vided . The display device comprises a display panel and nature and is not intended to limit the disclosure or the 

emission control circuitry . The emission control circuitry is 45 application and uses of the disclosure . Furthermore , there is 
configured to generate a control signal to control the display no intention to be bound by any expressed or implied theory 
panel during a first frame period to successively move a presented in the preceding background , summary , or the 
plurality of non - light - emitting areas that are successively following detailed description . 
inserted at an end of a display area of the display panel in a An instant display image displayed on a display panel , for 
predetermined direction , where the plurality of non - light- 50 example a self - luminous display panel , may include light 
emitting areas have gradually changing widths in the pre- emitting areas and non - light - emitting areas . The non - light 
determined direction . emitting areas may be sequentially moved or shifted during 

In one or more embodiments , a method for controlling a each frame period to display a complete display image 
display panel is provided . The method comprises inserting corresponding to image data . The display brightness level of 
non - light - emitting areas at an end of a display area of a 55 a self - luminous display panel may be controlled by the 
display panel during a first frame period , and successively widths of the non - light - emitting areas . For example , the 
moving the non - light - emitting areas in a predetermined display brightness level decreases as the widths of the 
direction . The inserted non - light - emitting areas have gradu- non - light - emitting areas increase . A display driver that 
ally changing widths in the predetermined direction . drives a self - luminous display panel may be configured to 

In one or more embodiments , the display panel is a 60 change the widths of non - light - emitting areas when a change 
self - luminous display panel . in the display brightness level is requested . A change in the 

widths of the non - light - emitting areas may however cause a 
BRIEF DESCRIPTION OF THE DRAWINGS local abrupt change in the brightness in the display image , 

and this may cause a flicker . In this description , a device and 
So that the manner in which the above recited features of 65 method for controlling widths of non - light - emitting areas 

the present disclosure can be understood in detail , a more are introduced to mitigate a local abrupt change in the 
particular description of the disclosure , briefly summarized brightness of the display image . 
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FIG . 1 illustrates an example configuration of a display various embodiments , an OLED element may be used as the 
device 100 , according to one or more embodiment . In the light emitting element 8a . The display element 8 may be 
illustrated embodiment , the display device 100 comprises a configured to store a storage voltage corresponding to a 
display panel 1 and a display driver 2. The display panel may drive voltage across the storage capacitor C1 when the drive 
be a self - luminous display panel . The display device 100 5 voltage is written into the display element 8. The gate - source 
may be configured to display an image on the self - luminous voltage of the drive transistor T1 of the display element 8 
display panel 1 based on image data 4 and control data 5 may be maintained at a voltage corresponding to the storage 
received from a host 3. In one or more embodiments , an voltage stored across the storage capacitor C1 . In one or 
OLED display panel is used as the self - luminous display more embodiments , when the emission line EM [ i ] is 
panel 1. In other embodiments , a micro LED display panel 10 asserted , a drive current corresponding to the gate - source 
may be used as the self - luminous display panel 1 . voltage of the drive transistor T1 is supplied to the light 

In the illustrated embodiment , the self - luminous display emitting element 8a , and the light emitting element 8a emits 
panel 1 includes a display area 6 and a gate - in - panel ( GIP ) light with a luminance level corresponding to the drive 
circuitry 7. In various embodiments , an image correspond- current . 
ing to the image data 4 is displayed in the display area 6. The 15 The gate line G [ i - 1 ] may be used to precharge the 
display area 6 includes display elements 8 , source lines S [ O ] capacitor C1 before the writing of the drive voltage . In such 
to S [ m ] , gate lines G [ 0 ] to G [ n ] and emission lines EM [ O ] embodiments , a gate line G ( -1 ] may be disposed in the 
to EM [ n ] . The gate lines G [ 0 ] to G [ n ] and emission lines self - luminous display panel 1 for precharging display ele 
EM [ 0 ] to EM [ n ] are connected to the GIP circuitry 7 and ments 8 having the drive transistors T1 connected to the gate 
the source lines S [ 0 ] to S [ m ] are connected to the display 20 line G [ 0 ] . The configuration of the display elements 8 is not 
driver 2. Each display element 8 may be connected to a limited to that illustrated in FIG . 2 , and various variations 
corresponding gate line G [ i ] , emission line EM [ i ] , and are possible . For example , the display elements 8 may be 
source line S [ j ] . configured as a circuit including five thin film transistors 

In one or more embodiments , a drive voltage correspond- ( TFTs ) and two capacitors ( a “ 5T2C circuit ” ) in other 
ing to a grayscale value of the image data 4 associated with 25 embodiments . 
each display element 8 is written into each display element Referring back to FIG . 1 , in one or more embodiments , 
8 via the corresponding source line S [ j ] from the display the GIP circuitry 7 is configured to drive the gate lines G 
driver 2. Each display element 8 may be configured to emit [ -1 ] to G [ n ] and the emission lines EM [ 0 ] to EM [ n ] based 
light with a luminance level corresponding to the drive on GIP control signals 21 received from the display driver 
voltage written thereinto . Light emission of display elements 30 2. In the illustrated embodiment , the GIP control signals 21 
8 of each row may be controlled by the emission line EM [ i ] comprise an emission pulse signal 22 and an emission clock 
connected to the display elements 8 of each row . In various signal 23. The emission pulse signal 22 controls a period 
embodiments , the display elements 8 of each row are during which display elements 8 of each row emit light . The 
configured to emit light when the emission line EM [ i ] emission pulse signal 22 may be repeatedly asserted and 
connected thereto is asserted and stop emitting light when 35 deasserted with a predetermined periodicity , and this may 
deasserted . Writing of drive voltages into the display ele- result in emission pulses appearing on the emission pulse 
ments 8 of each row may be controlled by the gate line G [ i ] signal 22. In such embodiments , the emission pulses may be 
connected thereto . In various embodiments , when a desired used to control the emission lines EM [ O ] to EM [ n ] . 
drive voltage is written into the display element 8 connected FIG . 3 illustrates an example light emission control of 
to the gate line G [ i ] and the source line S [ j ] , the gate line 40 display elements 8 by the GIP circuitry 7. In the illustrated 
G [ i ] is asserted in a state in which the desired drive voltage embodiment , the GIP circuitry 7 is configured to control 
is generated on the source line S [ j ] . light emission of display elements 8 of each row in response 
FIG . 2 illustrates an example configuration of the display to pulse widths of the emission pulses transmitted over the 

element 8 connected to the gate line G [ i ] , the emission line emission pulse signal 22. In the following , the pulse width 
EM [ i ] , and the source line S [ j ] . In the illustrated embodi- 45 of an emission pulse may be simply referred to as emission 
ment , the display element 8 comprises a drive transistor T1 , pulse width . The emission pulse width may be a time 
a select transistor T2 , a threshold compensation transistor duration during which the emission pulse signal 22 is 
T3 , a reset transistor T4 , select transistors T5 , T6 , a storage asserted in each periodicity . In embodiments where the 
capacitor C1 , and a light emitting element 8a . The transistors emission pulse signal 22 is low - active , and the emission 
T1 to T6 may be configured as PMOS transistors . The 50 pulse width may be a time duration during which the 
transistors T1 , T6 , and the light emitting element 8a are emission pulse signal 22 is set to the low level in each 
connected in series between a node N1 and a low - side power periodicity . In various embodiments , a plurality of emission 
supply ELVSS . The transistor T2 is connected between the pulses , four emission pulses in the operation illustrated in 
node N1 and the source line S [ j ] . The gate of the transistor FIG . 3 , appear on the emission pulse signal 22 per frame 
T2 is connected to the gate line G [ i ] . The transistor T3 is 55 period . 
connected between the gate and drain of the transistor T1 . In one or more embodiments , a non - light - emitting area 10 
The gate of the transistor T3 is connected to the gate line G in which display elements 8 do not emit light is inserted at 
[ i ] . The transistor T4 is connected between the gate of the an edge of the display area 6 ( the top edge of the display area 
transistor T4 and a node to which an initialization voltage 6 in FIG . 3 ) based on the emission pulse signal 22. In various 
Vint is supplied . The transistor T5 is connected between the 60 embodiments , the non - light - emitting area 10 displays black . 
node N1 and a high - side power supply ELVDD . The gate of A non - light - emitting area 10 is inserted at the edge of the 
the transistor T5 is connected to the emission line EM [ i ] . display area 6 while the emission pulse signal 22 is deas 
The transistor T6 is connected between the drain of the serted , for example , set to the high level . In some embodi 
transistor T1 and the light emitting element 8a . The gate of ments , a predetermined number of emission lines EM 
the transistor T6 is connected to the emission line EM [ i ] . 65 located at the edge of the display area 6 are deasserted to 
The storage capacitor C1 is connected between the gate of insert a non - light - emitting area 10 at the edge of the display 
the transistor T1 and the high - side power source line . In area 6 while the emission pulse signal 22 is deasserted . In 
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one or more embodiments , while the emission pulse signal mand ( or an instruction ) , the operation of the display driver 
22 is asserted , for example , set to the low level , a non - light- 2 may be controlled by the command . 
emitting area 10 is not inserted and display elements 8 of the The command control circuitry 11 may comprise emission 
row located at the edge of the display area 6 emit light . pulse width control circuitry 15. In one or more embodi 

In various embodiments , non - light - emitting areas 10 suc 5 ments , the command control circuitry 11 is configured to 
cessively move in synchronization with the emission clock generate a brightness command value that specifies the 
signal 23 in the direction in which the source lines S [ 0 ] to display brightness level of the self - luminous display panel 1 
S [ m ] are extended . In one or more embodiments , deasserted based on the control data 5 , and the emission pulse width 
emission lines EM are shifted in synchronization with the control circuitry 15 is configured to determine an emission 

10 pulse width based on the generated brightness command emission clock signal 23 in the direction in which the source value and send an emission pulse width command value lines S [ O ] to S [ m ] are extended , and this moves the indicative of the determined emission pulse width to the non - light - emitting areas 10. The GIP circuitry 7 may com panel interface circuitry 14. The emission pulse width may prise a shift register ( not illustrated ) that has outputs con be determined to increase proportionally to the brightness 
nected to the emission lines EM [ 0 ] to EM [ n ] , respectively . 15 command value . In some embodiments , the control data 5 
In such embodiments , the shift register may be configured to comprises a brightness level setting command to set the 
perform a shift operation in synchronization with the emis display brightness level , and the command control circuitry 
sion clock signal 23 , and the shifting of the deasserted 11 is configured to generate the brightness command value 
emission lines EM may be achieved through the shift based on a display brightness value ( DBV ) specified by the 
operation of the shift register . 20 brightness level setting command . In such embodiments , the 

In one or more embodiments , when a period during which display brightness level may be controlled by the DBV . 
the emission pulse signal 22 is deasserted is prolonged , a In one or more embodiments , the image processing cir 
period during which a non - light - emitting area 10 is inserted cuitry 12 is configured to apply desired image processing to 
is also prolonged . This enlarges the width of the inserted the image data 4 received from the command control cir 
non - light - emitting area 10 in the direction in which the 25 cuitry 11 to generate processed image data 16. The image 
source lines S [ 0 ] to S [ m ] are extended . In various embodi- processing circuitry 12 may be further configured to send the 
ments , when the widths of non - light - emitting areas 10 are processed image data 16 to the source driver circuitry 13 . 
enlarged , the ratio of the area occupied by the non - light- In one or more embodiments , the source driver circuitry 
emitting areas 10 to the entire display area 6 increases , and 13 is configured to write drive voltages into the respective 
this reduces the ratio of display elements 8 that emit light to 30 display elements 8 of the self - luminous display panel 1 
all the display elements 8 in the display area 6. When the based on the processed image data 16 received from the 
widths of the non - light - emitting areas 10 are reduced , the image processing circuitry 12. The source driver circuitry 13 
ratio of the area occupied by the non - light - emitting areas 10 may be configured to generate the drive voltages through 
to the entire display area 6 decreases , and this increases the analog - digital conversion of the processed image data 16 
ratio of display elements 8 that emit light to all the display 35 and write the drive voltages thus generated into the associ 
elements 8 in the display area 6 . ated display elements 8 . 

In one or more embodiments , the display brightness level In one or more embodiments , the panel interface circuitry 
of the self - luminous display panel 1 is controlled by the ratio 14 is configured to generate the GIP control signals 21 
of display elements 8 that emit light to all the display supplied to the GIP circuitry 7 of the self - luminous display 
elements 8 disposed in the display area 6. The display 40 panel 1. The panel interface circuitry 14 may comprise 
brightness level may be the brightness level of the entire emission control circuitry 17 configured to generate the 
image displayed on the self - luminous display panel 1. In the above - described emission pulse signal 22 and emission 
illustrated embodiment , the widths of non - light - emitting clock signal 23. In various embodiments , the emission 
areas 10 are controlled by the emission pulse width to control circuitry 17 is configured to generate the emission 
control the ratio of display elements 8 to the total number of 45 pulse signal 22 based on the emission pulse width command 
the display elements 8. In some embodiments , the display value received from the command control circuitry 11. The 
brightness level of the self - luminous display panel 1 emission control circuitry 17 may be configured to control 
becomes the lowest brightness level when the widths of the pulse widths of the emission pulses on the emission pulse 
non - light - emitting areas 10 are maximized by setting the signal 22 in response to the emission pulse width command 
emission pulse width to the minimum value . In some 50 value . 
embodiments , the display brightness level of the self - lumi- In one or more embodiments , the emission control cir 
nous display panel 1 becomes the highest brightness level cuitry 17 is configured to change emission pulse widths to 
when the widths of the non - light - emitting areas 10 are change the display brightness level of the self - luminous 
minimized by setting the emission pulse width to the maxi- display panel 1. The emission pulse widths may be changed 
mum value . 55 in response to changes in the brightness command value 

Referring back to FIG . 1 , the display driver 2 comprises generated by the command control circuitry 11. The changes 
command control circuitry 11 , image processing circuitry in the emission pulse widths may cause changes in the 
12 , source driver circuitry 13 , and panel interface circuitry widths of non - light - emitting areas 10 inserted at the end of 
14 , in one or more embodiments . the display area 6. The changes in the widths of the non 
The command control circuitry 11 may be configured to 60 light - emitting areas 10 cause a change in the ratio of the 

transfer the image data 4 received from the host 3 to the display elements 8 that emit light to the total number of the 
image processing circuitry 12 and control the entire opera- display elements 8 and accordingly cause a change in the 
tion of the display driver 2 based on the control data 5. In display brightness level . The display brightness level can be 
other embodiments , the command control circuitry 11 may controlled to a desired brightness level by appropriately 
be configured to process the image data 4 and send the 65 changing the emission pulse widths . 
processed image data to the image processing circuitry 12 . Method 400 illustrated in FIG . 4 illustrates steps for 
In embodiments where the control data 5 comprise a com- controlling the self - luminous display panel 1 , in one or more 
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embodiments . It should be noted that the order of the steps by abrupt local changes in the brightness level , offering 
may be altered from the order illustrated , and that , in smooth image displaying to a user . 
alternate examples there may be a greater , or a lesser , FIG . 5B illustrates an example control of widths of 
number of blocks or steps . non - light - emitting areas 10 , according to other embodi 

In the illustrated embodiment , beginning at step 401 , 5 ments . In the illustrated embodiment , pulse widths of emis 
non - light - emitting areas 10 ( as shown in FIG . 3 ) are suc sion pulses are gradually changed during each of a plurality 
cessively inserted at the edge of the display area 6 ( as shown of successive frame periods to gradually change widths of 
in FIG . 3 ) in a frame period . The widths of the inserted non - light - emitting areas 10 inserted at the edge of the 
non - light - emitting areas 10 gradually change in the frame display area 6. In one embodiment , the emission pulse width period . In one implementation , the widths of the non - light- 10 is set to a first pulse width ( e.g. , 10 % ) in frame period # 1 and emitting areas 10 may gradually increase in the frame the emission pulse width is controlled to gradually increase period . In other embodiments , the widths of the non - light toward a second pulse width ( e.g. 90 % ) that is a desired emitting areas 10 may gradually decrease in the frame 
period . In one or more embodiments , the widths of the pulse width during frame periods # 2 and # 3 . The emission 
inserted non - light - emitting areas 10 may be controlled to 15 pulse width then becomes the second pulse width in frame 
achieve a desired display brightness level . period # 4 . In one embodiment , the emission pulse width is 

In step 402 , the non - light - emitting areas 10 are succes stepwisely changed with constant steps , for example , of 10 % 
sively moved . The movement of the non - light - emitting areas during frame periods # 2 and # 3 . For example , the emission 
10 may be synchronous with the emission clock signal 23 , pulse width may be changed from 10 % to 20 % , to 30 % , to 
also as shown in FIG . 3 . 20 40 % , to 50 % , to 60 % , to 70 % and then to 80 % during frame 
Method 400 effectively suppresses local changes in the periods # 2 and # 3 . In other embodiments , the emission pulse 

brightness of the display image while swiftly controlling the width may be stepwisely changed with non - constant incre 
display brightness level to the desired brightness level . ments . For example , the increments may be gradually 
FIG . 5A illustrates an example control of widths of increased . 

non - light - emitting areas 10 , according to one or more 25 As a result of this emission pulse width control , the widths 
embodiments . In the illustrated embodiment , widths of of the non - light - emitting areas 10 are set to a first width 
emission pulses are gradually changed in one frame period corresponding to the first pulse width in frame period # 1 and 
to gradually change widths of non - light - emitting areas 10 set to a second width corresponding to the second pulse 
inserted at the edge of the display area 6. In one embodi width in frame period # 4 . In frame periods # 2 and # 3 , which 
ment , the emission pulse width is set to a first pulse width 30 are positioned between frame periods # 1 and # 4 , the widths ( e.g. , 50 % ) in frame period # 1 and the emission pulse width of non - light - emitting areas 10 inserted at the edge of the is controlled to gradually increase towards a desired second display area 6 are changed to gradually approach the second pulse width ( e.g. 90 % ) during frame period # 2 . The emission width . This suppresses local changes in the brightness level pulse width then becomes the second pulse width in frame 
period # 3 . In one embodiment , for example , the emission 35 of the display image when the display brightness level is 
pulse width may be stepwisely changed with constant steps , largely changed . 
for example , of 10 % during frame period # 2 . For example , FIG . 6 illustrates an example emission pulse control , 
the emission pulse width may be changed from 50 % to 60 % , according to still other embodiments . In the illustrated 
to 70 % and then to 80 % during frame period # 2 . In other embodiment , the number of emission pulses per frame 
embodiments , for example , the emission pulse width may be 40 period is concurrently updated when the emission pulse 
stepwisely changed with non - constant increments . For width is changed . In one embodiment , in frame period # 1 , 
example , the increments may be gradually increased . In the number of emission pulses is two and the ratio of the 
other embodiments , the emission pulse width may be emission pulse width to the maximum pulse width is 50 % . 
increased at the beginning of frame period # 2 ; for example , In the following frame period # 2 , the number of emission 
the pulse width of the first emission pulse of frame period # 2 45 pulses is updated to four , and the ratio of the emission pulse 
may be increased up to 60 % . In still other embodiments , the width to the maximum pulse width is gradually increased 
emission pulse width may be controlled to reach the second toward a desired ratio of the emission pulse width ( e.g. , 
pulse width in frame period # 2 ; for example , the width of the 90 % . ) In the following frame period # 3 , the number of 
final emission pulse of frame period # 2 may be set to the emission pulses is four and the ratio of the emission pulse 
second pulse width . It is noted that the number of emission 50 width to the maximum pulse width then becomes the desired 
pulses per frame period is not limited to four , and thus the ratio . 
pulses illustrated in FIG . 5A are merely exemplary . It is also It should be noted that FIG . 6 illustrates the emission 
noted that the emission pulse widths are illustrated in the pulse widths in the form of the ratios of the emission pulse 
form of ratios to the maximum pulse width . widths to the maximum pulse width . Since the maximum 
As a result of this emission pulse width control , the widths 55 pulse width depends on the number of emission pulse per 

of the non - light - emitting areas 10 are set to a first width frame period , the emission pulse width should vary depend 
corresponding to the first pulse width in frame period # 1 and ing on the number of emission pulse widths per frame period 
set to a second width corresponding to the second pulse for a fixed ratio of the emission pulse width to the maximum 
width in frame period # 3 . In frame period # 2 , which is pulse width . 
positioned between frame periods # 1 and # 3 , the widths of 60 FIG . 7 illustrates an example configuration of the emis 
non - light - emitting areas 10 inserted at the edge of the sion pulse width control circuitry 15 , according to one or 
display area 6 are changed to gradually approach the second more embodiments . In the illustrated embodiment , the emis 
width . This enables swiftly controlling the display bright- sion pulse width control circuitry 15 is configured to , when 
ness level to a desired brightness level while effectively the emission pulse width and the number of emission pulses 
suppressing local changes in the brightness of the display 65 per frame period are to be updated , determine the emission 
image . The above - described emission pulse width control pulse width based on the number of emission pulse per 
also suppresses user - perceivable flicker potentially caused frame period . The emission pulse width control circuitry 15 



US 11,037,495 B2 
9 10 

may comprise a divider 31 , a subtractor 32 , square circuitry updated to “ d . ” In the subsequent frame period # 3 , the total 
33 , a divider 34 , a counter 35 , a multiplier 36 , and an adder emission pulse width EM_Total_Current is updated to “ c ” 
37 . and the number of emission pulses EM_Number is updated 

The divider 31 is configured to determine an emission to " f . ” 
pulse width offset EM_Offset by dividing a current total 5 In one embodiment , at the beginning of frame period # 2 , 
emission pulse width EM_Total_Current by the updated the counter 35 ( as shown in FIG . 7 ) may be reset ; the current 
number of emission pulses per frame period EM_Number . total emission pulse width EM_Total_Current may be set to 
The total emission pulse width may be the total sum of the “ a ” ; and the updated total emission pulse width EM_ 
pulse widths of emission pulses in one frame period . The Total_Next may be set to " c . ” In frame period # 2 , the emission pulse width offset EM_Offset may specify the 10 emission pulse width offset EM_Offset is determined as a / d , pulse width of the first emission pulse for a frame period and the step EM_Step is determined as ( c - a ) / d² . during which the emission pulse width is gradually changed . Continuing with reference to FIG . 8 , for the first emission The subtractor 32 is configured to determine a difference 
by subtracting the current total emission pulse width pulse in frame period # 2 , the count value CNT is 0 and the 
EM_Total_Current from an updated total emission pulse is emission pulse width EM_Width is accordingly calculated 
width EM_Total_Next . The square circuitry 33 is configured as a / d . Similarly , as shown , for the second emission pulse in 
to determine the square of the updated number of emission frame period # 2 , the count value CNT is 1 and the emission 
pulses per frame period EM_Number ( shown in FIG . 7 as pulse width EM_Width is accordingly calculated as { ad + c 
input “ IN ” to square circuitry 33 ) . a } / d ?. Further , as shown , for the second to last emission 

The divider 34 is configured to determine a step EM_Step 20 pulse in frame period # 2 , the count value CNT is d - 2 and the 
used to stepwisely change the emission pulse width by emission pulse width EM_Width is accordingly calculated 
dividing the output value of the subtractor 32 by the output as { ad + ( d - 2 ) ( c - a ) } / d ’ . Finally , for the last emission pulse in 
value of the square circuitry 33. As shown in FIG . 7 , divider frame period # 2 , the count value CNT is d - 1 and the 
34 calculates the quotient of its first input “ IN1 " as dividend , emission pulse width EM_Width is accordingly calculated 
and its second input “ IN2 ” , as divisor . In such embodiments , 25 as { ad + ( d - 1 ) ( c - a ) } / d ?. 
the step EM_Step is obtained by dividing , by the square of As thus described , in one or more embodiments , the 
the number of emission pulses EM_Number ( second input emission pulse width may be stepwisely changed in frame 
IN2 , which is the output IN2 of square circuitry 33 ) , the period # 2 while the number of emission pulses is updated . 
difference ( first input IN1 ) obtained by subtracting the While various embodiments have been specifically 
current total emission pulse width EM_Total_Current from 30 described herein , a person skilled in the art would appreciate 
the updated total emission pulse width EM_Total_Next . that the technologies disclosed herein may be implemented 

The counter 35 is configured to count the emission pulses with various modifications . 

on the emission pulse signal 22 to output a count value , 
" CNT ” . The multiplier 36 is configured to determine the What is claimed is : 
product of the step EM_Step and the count value CNT . The 35 1. A display driver , comprising : 
adder 37 is configured to add the product ( EM_Step * CNT ) drive circuitry configured to drive a display panel ; and 
received from the multiplier 36 to the emission pulse width emission control circuitry configured to generate a control 
offset EM_Offset to determine the emission pulse width signal to control the display panel , 
EM_Width . wherein the controlling the display panel during a first 

In one or more embodiments , the emission pulse width 40 frame period successively moves a plurality of non 
offset EM_Offset , and the step EM_Step , may be determined light - emitting areas that are successively inserted at 
by the emission pulse width control circuitry 15 configured an end of a display area of the display panel in a 
as illustrated in FIG . 7 in accordance with the following predetermined direction , 
equations ( 1 ) and ( 2 ) : wherein the controlling the display panel during a 

second frame period prior to the first frame period 
EM_Offset = EM_Total_Current / EM_Number ( 1 ) inserts non - light - emitting areas at the end of the 

display area , the non - light - emitting areas inserted 
EM_Step = ( EM_Total_Next - EM_Total_Current ) / during the second frame period having a first width , ( EM_Number ) ? ( 2 ) wherein the controlling the display panel during a third 

In one or more embodiments , the emission pulse width 50 frame period after the first frame period inserts 
EM_Width may be calculated in accordance with the fol non - light - emitting areas at the end of the display 
lowing equation ( 3 ) : area , the non - light - emitting areas inserted during the 

third frame period having a second width that is 
EM_Width = EM_Offset + CNT * EM_Step ( 3 ) different than the first width , and 

In one or more embodiments , an emission pulse width 55 wherein the widths of the plurality of non - light - emit 
command value indicating the emission pulse width ting areas that are inserted during the first frame 
EM_Width thus - determined may be sent to the emission period are gradually changing in the predetermined 
control circuitry 17 , and the emission control circuitry 17 direction and gradually approach the second width . 
may be configured to generate the emission pulse signal 22 2. A display driver , comprising : 
based on the emission pulse EM_Width . drive circuitry configured to drive a display panel ; and 
FIG . 8 illustrates an example emission pulse control , emission control circuitry configured to generate a control 

according to one or more embodiments . In the illustrated signal to control the display panel , 
embodiment , in frame period # 1 , the total emission pulse wherein the controlling the display panel during a first 
width EM_Total_Current is “ z ” and the number of emission frame period successively moves a plurality of non 
pulses EM_Number is “ b . ” In the next frame period # 2 , the 65 light - emitting areas that are successively inserted at 
total emission pulse width EM_Total_Current is updated to an end of a display area of the display panel in a 
“ a ” and the number of emission pulses EM_Number is predetermined direction , 
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wherein the plurality of non - light - emitting areas have having widths respectively corresponding to the 
gradually changing widths in the predetermined widths of the plurality of non - light - emitting areas , 
direction , and 

wherein the control signal comprises an emission pulse wherein the emission control circuitry is further con 
signal including emission pulses , the emission pulses 5 figured to gradually change the emission pulse 

widths in the first frame period . having widths respectively corresponding to the 10. The display device of claim 9 , wherein the emission widths of the plurality of non - light - emitting areas , control circuitry is configured to generate the control signal 
and such that non - light - emitting areas inserted at the end of the 

wherein the emission control circuitry is further con- display area during a second frame period prior to the first 
figured to gradually change the emission pulse frame period have a first width , and non n - light - emitting areas 
widths during the first frame period . inserted at the end of the display area during a third frame 

3. The display driver of claim 2 , wherein the emission period , that occurs after the first frame period , have a second 
width different than the first width . control circuitry is further configured to generate the emis 

sion pulse signal such that the emission pulses have a first 11. The display device of claim 9 , wherein the emission 
control circuitry is further configured to generate the emis width during a second frame period prior to the first frame sion pulse signal such that the emission pulses have a first period , and the emission pulses have a second width , dif width during a second frame period prior to the first frame 

ferent from the first width , during a third frame period that period , and the emission pulses have a second width , dif 
occurs after the first frame period . ferent than the first width , during a third frame period that 

4. The display driver of claim 3 , wherein the emission 20 occurs after the first frame period . 
control circuitry is further configured to generate the emis- 12. The display device of claim 11 , wherein the emission 
sion pulse signal such that the emission pulse widths gradu- control circuitry is further configured to generate the emis 
ally approach the second width during the first frame period . sion pulse signal such that emission pulse widths of the 

5. The display driver of claim 4 , wherein the third frame emission pulses gradually approach the second width during 
the first frame period . period is a next frame period of the first frame period . 

6. The display driver of claim 4 , wherein the emission 13. The display device of claim 12 , wherein a number of 
control circuitry is further configured to generate the emis the emission pulses in the first frame period is different than 

a number of the emission pulses in the second frame period , sion pulse signal such that the emission pulse widths gradu and ally approach the second width during a fourth frame period wherein the emission control circuitry is further config that occurs between the first frame period and the third frame 30 
period . ured to generate the emission pulse signal during the 

7. The display driver of claim 3 , wherein a number of the first frame period to gradually change the emission 
pulse widths with steps that are determined based on a emission pulses in the first frame period is different than a number of emission pulses in the first frame period . number of emission pulses in the second frame period , and 14. A method comprising : wherein the emission control circuitry is further config- 35 

ured to generate the emission pulse signal during the inserting non - light - emitting areas at an end of a display 
area of a self - luminous display panel during a first first frame period so as to gradually change the emis 

sion pulse widths with steps that are determined based frame period , the non - light - emitting areas having 
gradually changing widths in a predetermined direc number of emission pulses in the first frame tion ; period . 

8. The display driver of claim 7 , further comprising successively moving the non - light - emitting areas in the 
emission pulse width control circuitry configured to deter predetermined direction ; 
mine : supplying , to the self - luminous display panel , an emission 

a width of a first emission pulse of the first frame period pulse signal including emission pulses , the emission 
based on a first total emission pulse width of the pulses 45 pulses having widths respectively corresponding to the 

widths of the non - light - emitting areas , in the second frame period and a second total emission wherein supplying the emission pulse signal comprises : pulse width of the pulses in the third frame period , and 
the steps based on the first total emission pulse width , the gradually changing the widths of the emission pulses 

during the first frame period , second total emission pulse width , and the number of 
the pulses in the first frame period . supplying the emission pulse signal such that the 

9. A display device , comprising : emission pulse widths are a first width during a 
a display panel ; and second frame period that occurs prior to the first 

frame period ; and emission control circuitry configured to generate a control 
signal to control the display panel , supplying the emission pulse signal such that the 
wherein controlling the display panel during a first 55 emission pulse widths are a second width , differ 

ent from the first width , during a third frame frame period successively moves a plurality of non 
light - emitting areas that are successively inserted at period that occurs after the first frame period . 

15. The method of claim 14 , wherein gradually changing an end of a display area of the display panel in a 
predetermined direction , the plurality of non - light the emission pulse widths during the first frame period 

comprises generating the emission pulse signal such that the emitting areas having gradually changing widths in 60 
emission pulse widths gradually approach the second width the predetermined direction , during the first frame period . wherein the control signal comprises an emission pulse 

signal including emission pulses , the emission pulses 
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